INTRODUCTION
The Siberian hamster, Phodopus sungorus, has been a useful model for studies of photoperiodism. When exposed to natural day lengths (DLs) of 50°N latitude, males undergo weight loss and gonadal regression and molt into a winter pelage as DLs decrease in late summer and autumn (Heldmaier and Steinlechner, 1981) . Similar responses can be induced by transferring hamsters from long (16 h light [16L] ) to short (8L) photoperiods (Hoffmann, 1982) . The physiological and behavioral changes induced by decreases in DL are mediated by increases in the duration of nocturnal secretion of melatonin (MEL) (Bartness and Goldman, 1988; Goldman, 1991) , which is positively correlated with the length of the daily dark phase (Goldman et al., 1981 ; Illnerova, 1991) . Both the absolute duration of nightly MEL secretion and changes in the duration of the nocturnal MEL signal influence photoperiodic responses (Bartness and Goldman, 1988; Goldman, 1991; Zucker, in press-b; Karp et al., 1990) .
It is commonly presumed, but rarely verified, that the duration of elevated nocturnal MEL secretion rapidly readjusts to a new steady state after a decrease in DL. In Siberian hamsters transferred from 16L to 8L, however, the manner in which the night is lengthened affects the rate at which the MEL signal expands (decompresses) and the testes undergo regression (Hoffmann and Illnerova, 1986) . Three weeks after the photoperiod was reduced from 16L to 8L, the duration of nocturnal MEL secretion was longer when darkness was added to morning than when it was added to evening. Similarly, after 7 weeks in 8L, testis weights had decreased significantly from initial values when darkness was extended into the morning hours but not when extended into the evening (Hoffmann and Illnerova, 1986) .
A subpopulation of hamsters transferred from long to short DLs, moreover, never undergoes expansion of the MEL signal, and such hamsters do not exhibit gonadal regression or other short-day traits (Puchalski and Lynch, 1986) . The circadian systems of these animals differ from those of responders in having a longer free-running period (r), different phase response curves to light, and decreased propensity to split into component oscillations in constant light (LL) (Puchalski and Lynch, 1988a , 1991a , 1991b . A two-oscillator model of circadian rhythms has been postulated to account for various circadian phenomena including, inter alia, differences in entrainment rates to evening versus morning extensions of darkness and the occurrence of nonresponsiveness (Hoffmann and Illnerova, 1986; Pittendrigh, 1974; Puchalski and Lynch, 1991a) . Briefly, the evening oscillator (E) is proposed to drive both onset of locomotor activity and onset of elevated nocturnal MEL secretion, whereas the morning oscillator (M) terminates both processes (Elliott and Tamarkin, 1994) . Each oscillator has an intrinsic freerunning period (E = cue, M = 'tM) with 'tE < Tj~; this difference in period allows lengthening of MEL secretion and a (duration of the active phase of the activity rhythm) in short photoperiods (Daan and Berde, 1978; Pittendrigh, 1974 (Pittendrigh, 1974) . Consequently, an increase or decrease in the period of either constituent oscillator will increase or decrease, respectively, the period of the composite free-running rhythm.
Nonresponsiveness is characterized by the maintenance of a typical long-day activity pattern to short DLs Lynch, 1986, 1988a Lynch, 1988b, 1994 (Puchalski and Lynch, 1991b (Gorman and Zucker, 1995b), (b) plasticity in the timing of photorefractoriness relative to gonadal regression (Gorman and Zucker, 1995a) , and (c) accelerated photostimulation of growth under shorter but increasing DLs (Gorman, 1995 (SNP, n = 15) (Fig.1D ), or by appending extra darkness exclusively to the evening n = 22) (Fig. IE) Because not all Siberian hamsters are photoresponsive (Hoffmann, 1978; Puchalski and Lynch, 1986) (Gorman and Zucker, 1995a (Fig. 3D ).
SNP-E versus SQ-E
Testis volume was similar among hamsters exposed to SNP-E and SQ-E (p > .40) (Fig. 2E) (Fig. 3H) . Groups differed between Weeks 2 and 7 (p < .05) (Fig. 3H) (Fig. 4A-D (Fig. 4A) . a was significantly greater in SQ-M than in SNP-M hamsters at Weeks 2-6 (p < .05, one-tailed) (Fig. 4D) (Fig. 6B) . Only 1 hamster labeled a nonresponder on the basis of testis volume during the first 16 weeks had a paired testis weight < 550 mg at Week 24 (Fig. 6B) , indicating that these animals were not simply delayed in their gonadal response to photoperiod. The high incidence of nonresponsiveness, moreover, is comparable to values in previous experiments from our laboratory (Gorman and Zucker, 1995a, 1995b) and may result from housing animals in long DLs from birth (Gorman and Zucker, in press-a). Reproductive inhibition was confirmed in most hamsters labeled responsive, although a number exhibited signs of spontaneous recrudescence by this time (Fig. 6B) (Duncan et al., 1985; Hoffmann, 1982) for approximately 4-6 weeks longer than were those transferred abruptly to 8L. If entrainment to their respective photoperiods occurred rapidly, males in SNP-E might be expected to undergo gonadal regression much later than those in SQ-E rather than concurrently, as was found here. Although FSH values were significantly lower in SQ-E than in SNP-E hamsters at Week 4, this resulted in large part from inclusion of an outlier among the SNP-E group. The overall similarity between groups, along with the body weight data, suggests that the circadian system integrates gradual transitions in DL more efficiently or more completely than abrupt extensions of darkness into evening. (Pittendrigh, 1974 Lynch, 1986, 1991a (Illnerova, 1991 (Fig. 7B) . By contrast, the similarity of response in SQ-E and SNP-E suggests that 'tE was not shorter than the rate at which lights off (evening) was advancing in SNP-E (Fig. 7A) . Because the delays in lights on in SNP-M were equivalent to the advances in lights off in SNP-E (Fig. 1) , the greater divergence of'tM than TE from 24 h ('tM -24 > 24 -Te) would predict more rapid expansion of a and consequently more rapid short-day responses after abrupt morning versus evening transfers (Fig. 7A,B) . With symmetrical coupling between oscillators, the greater divergence of'tM than 'tE from 24 h also may result in an overall free-running period ('tEM) > 24 h, accounting for the finding that virtually all responsive and nonresponsive hamsters were morning entrained. In several species, delaying phase shifts induced by light or other treatments are achieved more rapidly than are advancing phase shifts (Illnerova, 1991 (Fig. 7C) or because E cannot advance beyond the time of lights on (Ts < 24 h) (Fig. 7B) . Once the M oscillator again abuts the new lights on time, however, its position will be fixed by the time of lights on. If Te > 24 h, then a will recompress (Fig. 7C ). If TE < 24 h, then no recompression will occur and animals will be photoresponsive. The apparent dominance of M in determining phase angle of entrainment derives from the likelihood that 'tEM > 24 h.
After evening extensions (Fig. 7D) , the M oscillator will be constrained by light onset as all nonresponders are morning entrained. Moreover, if'tE < 24 h (Fig. 7A) , then animals will successfully entrain and hence be responders. If Te > 24 h, then the E oscillator also will be fixed by its coupling to the M oscillator, which is itself fixed by lights on (Fig. 7D) . This model suggests that the fundamental difference between responders and nonresponders may be that iE < 24 h in the former and T > 24 h in the latter. Because the intrinsic period of an oscillator cannot be measured in the absence of coupling from other oscillators that affect its expressed period, it is difficult to determine whether this model is distinct from that proposed by Puchalski and Lynch (1991a) Lynch, 1988a, 1991a (Puchalski and Lynch, 1991a) in contrast to the present results, attesting to differences between populations.
Our findings indicate that reentrainment of circadian rhythms differs markedly when DL decreases abruptly in fixed photoperiod regimens versus when DL decreases more gradually as in nature. We may infer that the rhythms of pineal MEL secretion also are differentially affected by the manner in which photoperiodic transfers are accomplished (Elliott and Tamarkin, 1994; Hoffmann and Illnerova, 1986 
